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1. Introduction  
Definitions of “digital library” (DL) abound [1] [2], but a consistent characteristic across all definitions is 
an integration of technology and policy.  This integration provides a framework for modern digital library 
systems to manage and provide mechanisms for access to information resources.  This involves a degree of 
complexity that is evident whether considering: the collection of materials presented through a digital 
library; the services needed to address requirements of the user community; or the underlying systems 
needed to store and access the materials, provide the services, and meet the needs of patrons.  Technologies 
that bolster digital library creation and maintenance have appeared over the last decade, yielding increased 
computational speed and capability, even with modest computing platforms.  Thus nearly any organization, 
and indeed many individuals, may consider establishing and presenting a digital library. The processing 
power of an average computer allows simultaneous service for multiple users, permits encryption and 
decryption of restricted materials, and supports complex processes for user identification and enforcement 
of access rights.   Increased availability of high-speed network access allows presentation of digital library 
contents to a worldwide audience.  Reduced cost of storage media removes barriers to putting even large 
collections online.  Commonly available tools for creating and presenting information in many media forms 
make content widely accessible without expensive special purpose tools.  Important among these tools and 
technologies are coding schemes such as JPEG, MPEG, PDF, and RDF, as well as descriptive languages 
such as SGML, XML, and HTML.  
 
Standards related to representation, description, and display are critical for widespread availability of DL 
content [3]; other standards are less visible to the end user, but just as critical to DL operation and 
availability.  HTTP opened the world to information sharing at a new level by allowing any WWW browser 
to communicate with any information server, and to request and obtain information.  The emerging 
standard for metadata tags is the Dublin Core [4], with a set of 15 elements that can be associated with a 
resource [5]: Title, Creator, Subject, Description, Publisher, Contributor, Date, Type, Format, Identifier, 
Source, Language, Relation, Coverage, and Rights.  Each of the 15 elements is defined using ten attributes 
specified in ISO/IEC 11179, a standard for the description of data elements.  The ten attributes are Name, 
Identifier, Version, Registration Authority, Language, Definition, Obligation, Datatype, Maximum 
Occurrence, and Comment.  The Dublin Core provides a common set of labels for information to be 
exchanged between data and service providers.   
 
The technologies are there. The standards are there.  The resources are there.  What further is needed for 
the creation of digital libraries?  Though the pieces are all available, assembling them into functioning 
systems remains a complex task requiring expertise unrelated to the subject matter intended for the 
repository.  The field is still in need of comprehensive work on analysis and synthesis, leading to a well-
defined science of digital libraries to support the construction of specific libraries for specific purposes. 
Important issues remain as obstacles to making the creation of digital libraries routine.  These have less to 
do with technology and presentation than with societal concerns and philosophy, and deserve attention 
from a wider community than the people who provide the technical expertise [6].  Among the most critical 
of these issues are Intellectual Property Rights, privacy, and preservation. 
 
Concerns related to Intellectual Property Rights (IPR) are not new; nor did they originate with work to 
afford electronic access to information.  Like many other issues, though, they are made more evident and 
the scale of the need for attention increases in an environment of easy widespread access.  The role of IPR 
in the well-being and economic advance of developing countries is the subject of a report commissioned by 
the government of the United Kingdom [7]. IPR both serves development, by providing incentives for 
discovery and invention, and impedes progress, by denying access to new developments to those who could 
build on the early results to explore new avenues, or could apply the results in new situations. Further 
issues arise when the author of a work chooses to self archive, i.e., to place the work online in a repository 
containing or referring to copies of his or her own work, and/or in other publicly accessible repositories.  
Key questions include the rights retained by the author and the meaning of those rights in an open 
environment.  By placing the work online, the author makes it visible.  The traditional role of copyright to 
protect the economic interest of the author (the ability to sell copies) does not then apply.  However, 
questions remain about the rights to the material that have been assigned to others.  How is the assignment 
of rights communicated to someone who sees the material?  Does self-archiving interfere with possible 
publication of the material in scholarly journals?  Does a data provider have responsibility to check and 
protect the rights of the submitter [8]? 
 
Digital libraries provide opportunities for widespread dissemination of information in a timely fashion.  
Consequently, the openness of the information in the DL is affected by policy decisions for the developers 
of the information and those who maintain control of its representations.  International laws such as TRIPS 
(Trade Related aspects of Intellectual Property Standards) determine rights to access information [9].  
Digital library enforcement of such laws requires careful control of access rights.  Encryption can be a part 
of the control mechanism, as it provides a concrete barrier to information availability, but adds complexity 
to digital library implementation.   
 
Privacy issues related to digital libraries involve a tradeoff between competing goals: to provide 
personalized service [10] on the one hand and to serve users who are hesitant to provide information about 
themselves on the other.  When considering these conflicting goals, it is important also to consider that 
information about users is useful in determining how well the DL is serving its users, and thus relates to 
both the practice and evaluation of how well the DL is meeting its goals.   
 
Though the field of digital libraries is evolving into a science, with a body of knowledge, theories, 
definitions, and models, there remains a need for adequate evaluation of the success of a digital library 
within a particular context.  Evaluation of a digital library requires a clear understanding of the purpose the 
DL is intended to serve.  Who are the target users?  What is the extent of the collection to be presented?  
Are there to be connections to other DLs with related information?  Evaluation consists of monitoring the 
size and characteristics of the collection, the number of users who visit the DL, the number of users who 
return to the DL after the initial visit, the number of resources that a user accesses on a typical visit, the 
number of steps a user needs in order to obtain the resource that satisfies an information need, and how 
often the user goes away (frustrated) without finding something useful.  Evaluation of the DL includes 
matching the properties of the resources to the characteristics of the users.  Is the DL attracting users who 
were not anticipated when the DL was established?  Is the DL failing to attract the users who would most 
benefit from the content and services?  
 
2. Theoretical foundation 
To address these many important concerns and to provide a foundation to help the field advance forward 
vigorously, there is need for a firm theoretical base. While such a base exists in related fields, e.g., the 
relational database model, the digital library community has relied heretofore only on a diverse set of 
models for the sub-disciplines that relate. To simplify this situation, we encourage consideration of the 
unifying theory described in the 5S model [11, 12].   
 
We argue that digital libraries can be understood by considering five distinct aspects: Societies, Scenarios, 
Spaces, Structures, and Streams. In the next section we focus on Scenarios, related to services, since that is 
a key concern and distinguishing characteristic in the library world. In this section we summarize issues 
related to other parts of the model. 
 
With a good theory, we can give librarians interactive, graphical tools to describe the digital libraries they 
want to develop [13]. This can yield a declarative specification that is fed into a software system that 
generates a tailored digital library [14]. From a different perspective, digital library use can be logged in a 
principled fashion, oriented toward semantic analysis [15]. 
5S aims to support Societies’ needs for information. Rather than consider only a user, or even collaborating 
users, or sets of patrons, digital libraries must be designed with broad social needs in mind. These involve 
not only humans but also agents and software managers. 
 
In order to address the needs of Societies, and to support a wide variety of Scenarios, digital libraries must 
address issues regarding Spaces, Structures, and Streams. Spaces cover not only the external world (of 2 or 
3 dimensions, plus time, or even virtual environments – all connected with interfaces) but also internal 
representations using feature vectors and other schemes. Work on geographic information systems, 
probabilistic retrieval, and content-based image retrieval falls within the ambit of Spaces.  
 
Since digital libraries deal with organization, Structures are crucial. The success of the Web builds upon its 
use of graph structures. Many descriptions depend on hierarchies (tree structures). Databases work with 
relations, and there are myriad tools developed as part of the computing field called ‘Data Structures’. In 
libraries, thesauri, taxonomies, ontologies, and many other aids are built upon notions of Structure. 
 
The final ‘S’, Streams, addresses the content layer. Thus, digital libraries are content management systems. 
They can support multimedia streams (text, audio, video, and arbitrary bit sequences) that afford an open-
ended extensibility. Streams connect computers that send bits over network connections. Storage, 
compression/decompression, transmission, preservation, and synchronization are all key aspects of working 
with Streams. This leads us naturally to consider the myriad Scenarios that relate to Streams and the other 
parts of digital libraries. 
 
2.1 Scenarios 
Scenarios “consist of sequences of events or actions that modify the states of a computation in order to 
accomplish a functional requirement” [12].  Scenarios represent services, as well as the internal operation 
of the system.  Overall, scenarios tell us what goes on in a digital library.  Scenarios relate to societies by 
capturing the type of activity that a user group requires, plus the way in which the system responds to user 
needs.   
 
An example scenario for a particular digital library might be access by a young student who wishes to learn 
the basics of a subject area.  In addition to searching and matching the content to the search terms, the DL 
should use information in the user profile and metadata tags in the content to identify material compatible 
with the user’s level of understanding in this topic area.  A fifth grader seeking information on animal phyla 
for a general science report should be treated somewhat differently than a mature researcher investigating 
arthropoda sub phyla.  While both want to know about butterflies, the content should be suited to the need.   
 
Scenarios are not limited to recognizing and serving user requests.  Another scenario of interest to the 
designer of a digital library concerns keeping the collection current.  A process for submission of new 
material, validation, description, indexing, and incorporation into the collection is needed.  A digital library 
may provide links to resources stored in other digital libraries that treat the same topics.  The contents of 
those libraries change and the DL provider must harvest updated metadata in order to have accurate search 
results.  Here the activity is behind the scenes, not directly visible to the user, but important to the quality of 
service provided.   
 
Other scenarios include purging the digital library of materials that have become obsolete and no longer 
serve the user community.  While it is theoretically possible to retain all content forever, this is not 
consistent with good library operation.  Determining which old materials have value and should be retained 
is important.  If all material is to be kept forever, then there may be a need to move some materials to a 
different status so that their presence does not interfere with efficient processing of requests for current 
materials.  If an old document is superceded by a new version, the DL must indicate that clearly to a user 
who accesses the older version. 
 
Services to users go beyond search, retrieval, and presentation of requested information.  A user may wish 
to see what resources he or she viewed on a previous visit to the library.  A user may wish to retain some 
materials in a collection to refer to on later visits, or may simply want to be able to review his or her history 
and recreate previous result lists.  In addition, the library may provide support for the user to do something 
productive with the results of a search.  In the case of the National Science Digital Library, focused on 
education in the STEM (science, technology, engineering, and mathematics) areas, the aim is to support 
teaching and learning [16-20].  For example, in the NSDL collection project called CITIDEL (Computing 
and Information Technology Interactive Digital Educational Library) [21], a service called VIADUCT 
allows a user to gather materials on a topic and develop a syllabus for use in a class.  The syllabus includes 
educational goals for the activity, information about the time expected for the activity, primary resources 
and additional reference materials, pre-activity, activity, and post-activity procedures and directions, and 
assessment notes.  The resulting entity can be presented to students, saved for use in future instances of the 
class, and shared with other faculty with similar interests.  
  
GetSmart, another project within the NSF NSDL program, provides tools for students to use in finding and 
organizing useful resources and for better learning the material they read [22].  This project provides 
support for concept maps both for the individual student to use and for teams of students who work 
together to develop a mutual understanding.  
 
Scenarios also may refer to problem situations that develop within the system.  A scenario that would need 
immediate attention is deterioration of the time to respond to user requests beyond an acceptable threshold 
[23].  A scenario that presents the specter of a disk crash and loss of data needs to be considered in the 
design and implementation of the system.  An important design scenario is the behavior by a community of 
users to achieve the level of traffic expected at the site and the possibility of DL usage exceeding that 
expectation.   
 
3. Interfaces 
User interfaces for digital libraries span the spectrum of interface technologies used in computer systems.  
The ubiquitous nature of the hyper-linked World Wide Web has made that the de facto standard in user 
interfaces.  However, many systems have adopted approaches that either use the WWW in non-traditional 
ways or use interfaces not reliant on the WWW. 
 
The classical user interface in many systems takes the form of a dynamically generated website.  Emerging 
standards, such as the XSLT transformation language [24], are used to separate the logic and workflow of 
the system from the user interface.  See Figure 1 for a typical system using such an approach. Such 
techniques make it easier to perform system-wide customization and user-specific personalization of the 
user interface. Wang’s Masters thesis [25] proposes a general solution to connecting digital libraries and 
visualization systems through a tailored lightweight protocol [26]. 
 
 Figure 1.  An example of a WWW-based system using a component-based service architecture and 
XSLT transformations to render metadata in HTML 
Portal technology offers the added benefit of a component model for WWW-based user interfaces.  The 
uPortal project [27] defines “channels” to correspond to rectangular portions of the user interface.  Each of 
these channels has functionality that is tied to a particular service on a remote server.  This greatly aids 
development, maintenance, and personalization of the interface.  
 
Some collections of digital objects require interfaces that are specific to the subject domain and nature of 
the data.  Geospatial data, in particular, has the characteristic that users browse by physical proximity in a 
2-dimensional space.  The Alexandria Digital Earth Prototype [28] allows users to select a geographical 
region to use as a search constraint when locating digital objects related to that region [29].  Terraserver 
offers a similar interface to locate and navigate through aerial photographs that are stitched together to give 
users the impression of a continuous snapshot of the terrain [30].  Both systems offer users the ability to 
switch between keyword searching and map browsing, where the former can be used for gross estimation 
and the latter to locate an exact area or feature. 
 
In a different context, multifaceted data can be visualized using 2- and 3-dimensional discovery interfaces, 
where different facets are mapped to dimensions of the user interface.  As a simple example, the horizontal 
axis is frequently used to indicate year.  The Envision interface expands on this notion by mapping 
different aspects of a data collection or sub-collection to shape, size, and color, in addition to X and Y 
dimensions [31-33].  Thus, multiple aspects of the data may be seen simultaneously.  The Spire project 
analyzes and transforms a data collection so that similar concepts are physically near each other, thus 
creating an abstract but easily understandable model of the data [34]. Virtual reality devices can be used to 
add a third dimension to the visualization.  In addition to representing data, collaborative workspaces in 
virtual worlds can support shared discovery of information in complex spaces [35]. 
 
In order to locate audio data such as music, it is sometimes desirable to search by specifying the tune rather 
than its metadata.  Hu and Dannenberg provide an overview of techniques involving such sung queries 
[36].  Typically, a user hums a tune into the microphone and the digitized version of that tune is then used 
as input to a search engine.  The results of the search can be either the original audio rendering of the tune 
or other associated information. In this as well as the other cases mentioned above, it is essential that user 
needs are met, and that usability is assured [37], along with efficiency. 
 
4. Architecture 
Pivotal to digital libraries are software systems that support them; these manage the storage and access to 
information.  To-date, many digital library systems have been constructed, some by loosely connecting 
applicable and available tools, some by extending existing systems that supported library catalogs and 
library automation [38]. Most systems are built by following a typical software engineering lifecycle, with 
an increasing emphasis on architectural models and components to support the process. 
 
Kahn and Wilensky [39] specified a framework for naming digital objects and accessing them through a 
machine interface.  This Repository Access Protocol (RAP) provides an abstract model for the services 
needed in order to add, modify, or delete records stored in a digital library. Dienst [40, 41] is a distributed 
digital library based on the RAP model, used initially as the underlying software for the Networked 
Computer Science Technical Reference Library (NCSTRL) [42].  Multiple services are provided as 
separate modules, communicating using well-defined protocols both within a single system and among 
remote systems. A recent approach to supporting a repository is through the DSpace software platform 
developed at MIT [43]. 
 
Other notable pre-packaged systems are E-Prints [44] from the University of Southampton and Greenstone 
[45] from the University of Waikato.  Both provide the ability for users to manage and access collections of 
digital objects. 
 
Software agents and mobile agents have been applied to digital libraries to mediate with one or more 
systems on behalf of a user, resulting in an analog to a distributed digital library.  In the University of 
Michigan Digital Library Project [46], DLs were designed as collections of autonomous agents that used 
protocol-level negotiation to perform collaborative tasks. The Stanford InfoBus project [47-49] not only 
worked on standards for searching distributed collections [50-52], but also developed an approach for 
interconnecting systems using distinct protocols for each purpose, with CORBA as the transport layer.  
Subsequently, CORBA was used as a common layer in the FEDORA project [53], which defined abstract 
interfaces to structured digital objects. 
 
The myriad of different systems and system architectures has historically been a stumbling block for 
interoperability attempts [54, 55].  The Open Archives Initiative (OAI) [56], which emerged in 1999 [57], 
addressed this problem by developing the Protocol for Metadata Harvesting (PMH) [58, 59], a standard 
mechanism for digital libraries to exchange metadata on a periodic basis. This allows communication 
involving holders of collections (“data providers”) so that the metadata describing the collections can be 
shared (used by “service providers”). This protocol is widely supported by many current digital library 
systems. 
 
The Open Digital Library (ODL) framework [60, 61] attempts to unify architecture with interoperability in 
order to support the construction of componentized digital libraries.  ODL builds on the work of the OAI by 
requiring that every component support an extended version of the PMH.  This standardizes the basic 
communications mechanism by building on the well-understood semantics of the OAI-PMH.  The model 
for a typical ODL-based digital library is illustrated in Figure 2.  In this system, data is collected from 
numerous sources using the OAI-PMH, merged together into a single collection, and subsequently fed into 
components that support specific services, such as searching. Other efforts have arisen that take up a 
similar theme, often viewing DLs from a services perspective [62]. 
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Figure 2. Architecture of digital library based on OAI and ODL components 
 
Preservation of data is being addressed in the Lots of Copies Keeps Stuff Safe (LOCKSS) project [63] 
which uses transparent mirroring of popular content to localize access and enhance confidence in the 
availability of the resources.  The Internet2 Distributed Storage Initiative [64, 65] has somewhat similar 
goals and uses network-level redirection to distribute the request load to mirrors that are more accessible 
[66]. 
 
 
5. Inception 
The concept behind digital libraries has its roots in libraries disseminating ‘knowledge for all’ [67].  Digital 
libraries break the barrier of physical boundaries and strive to give access to information across varied 
domains and communities.  Though the terms ‘Digital Library’ and ‘Web’ both were initially popularized 
in the early 1990s, they trace back to projects dealing with linking among distributed systems [68], 
automated storage and retrieval of information [69, 70], library networks, and online resource sharing 
efforts.  Though similar, and mutually supportive in concept and practice, ‘Digital Library’ and ‘Web’ 
differ in emphasis, with the former more focused on quality and organization, and packaged to suit 
particular sets of users desiring specialized content and services.  Accordingly, many digital library projects 
have helped clarify theory and practice, and must be considered as case studies that illustrate key ideas and 
developments. 
 
5.1 Digital Library Initiative 
The core projects of the US Digital Library Initiative (DLI) Phase I (http://www.dli2.nsf.gov/dlione), 
started in 1994 as a joint initiative of the National Science Foundation (NSF), Department of Defense 
Advanced Research Projects Agency (DARPA), and the National Aeronautics and Space Administration 
(NASA).  Phase I involved a total funding of US $24 million for a period of four years from 1994 to 1998. 
The intent in the first phase was to concentrate on the investigation and development of underlying 
technologies for digital libraries. The Initiative targeted research on information storage, searching, and 
access.  The goals were set as developing technologies related to: 
 
• Capturing, categorizing, and organizing information  
• Searching, browsing, filtering, summarizing, and visualization  
• Networking protocols and standards 
 
The six projects undertaken in the DLI (1994-1998) were: 
• Carnegie Mellon University Project – Informedia Digital Video Library 
• Stanford University—Interoperation mechanisms among heterogeneous services 
• University of California at Berkeley — Environmental Planning Library and Geographic Information  
Systems 
• University of California at Santa Barbara – Alexandria Digital Library project on spatially-referenced 
 map information 
• University of Illinois at Urbana-Champaign – Federating repositories of scientific literature 
• University of Michigan Digital Library Project (UMDL) – Intelligent agents for information location 
 
DLI brought focus and direction to developments in the digital libraries arena.  Various architectures, 
models, and practices emerged and precipitated further research.  The National Science Foundation 
announced Phase II in February 1998.  In addition to the NSF, the Library of Congress, the Defense 
Advanced Research Projects Agency (DARPA), the National Library of Medicine (NLM), the National 
Aeronautics and Space Administration (NASA), and the National Endowment for the Humanities (NEH) 
served as sponsors.  The second phase (1999-2004) went past an emphasis on technologies to focus on 
applying those technologies and others in real life library situations. 
 
The second phase aimed at intensive study of the architecture and usability issues of digital libraries 
including research on: a) human-centered DL architecture; b) content and collections-based DL 
architecture; and c) systems-centered DL architecture.  
 
During this period, many test beds were developed, including at the following universities:  
• Carnegie Mellon University (Million books project) 
• Columbia University (A Patient Care Digital Library: Personalized Search and Summarization over  
 Multimedia Information) 
• Harvard University (Operational Social Science Digital Data Library) 
• Stanford University (Stanford Digital Library Technologies Project) 
• Tufts University  (The Perseus Digital Library Project) 
• University of Arizona (High-Performance Digital Library Classification Systems: From Information 
 Retrieval to Knowledge Management) 
• University of California Berkeley (Re-inventing Scholarly Information Dissemination and Use) 
• University of California Santa Barbara (Alexandria Digital Earth Prototype ) 
 
5.2 Networked Digital Libraries 
Many DL projects have emerged in the Web environment, where content and users are distributed; some 
are significant in terms of their collections, techniques, and architecture.  For example, NSF partially 
funded the Networked Computer Science Technical Reference Library (NCSTRL, http://www.ncstrl.org), a 
digital repository of technical reports and related works.  By 2001, however, the Dienst services and 
software used by NCSTRL no longer fit with needs and practices, so a transition began toward the model 
advocated by the Open Archives Initiative [57, 59].  OAI ushered in a simple and distributed model for 
exchange of records.  OAI also is used in the Networked Digital library of Theses and Dissertation 
(NDLTD) [11, 71-73].  NDLTD has over 170 members from over 25 countries sharing electronic theses 
and dissertations.  Eventually this promises to become one of the world’s largest digital libraries, with the 
potential of over 200,000 multilingual hypermedia works being added each year by students to a network of 
local repositories at universities around the globe. Figure 3 illustrates the typical services offered at one 
such repository within the larger federation. 
 
 Figure 3. Entry page to the Virginia Tech ETD digital library 
 
Colleges and universities, along with diverse partners interested in education, also are working on a 
distributed infrastructure for courseware.  Building upon DLI, NSF initiated the National Science, 
technology, engineering, and mathematics education Digital Library (NSDL) for the benefit of educators 
and learners [16-20].  NSDL, already involving over 100 project teams, is projected to have a great impact 
on education, with the objective of facilitating enhanced communication between and among educators and 
learners.  The basic objective of NSDL is to “catalyze and support continual improvements in the quality of 
Science, Mathematics, Engineering and Technology education” [74]. 
 
5.3 Global DL scenario 
Since the early 1990s, work on digital libraries has unfolded all around the globe [75], with many heads of 
state interested in deploying them to preserve and disseminate the cultural and historic record [76].  There 
has been some support for research, but more support for development and application, often as extensions 
to traditional library and publishing efforts. 
 
In Europe there is an annual digital library conference (ECDL), and there have been projects at regional, 
national, and local levels.  The Telematics for Libraries program of the European Commission (EC) aims to 
facilitate access to knowledge held in libraries throughout the European Union while reducing disparities 
between national systems and practices.  Though not exclusively devoted to digital libraries - the program 
covers topics such as networking (OSI, Web), cataloging, imaging, multimedia, and copyright - many of 
the more than 100 projects do cover issues and activities related to digital libraries [77].  In addition there 
have emerged national digital library initiatives in Denmark, France, Germany, Russia, Spain, and Sweden, 
among others. 
 
In the UK, noteworthy efforts in Digital libraries include the ELINOR and the elib projects.  The Electronic 
Libraries Programme (eLib, http://www.jisc.ac.uk/elib/projects.html), funded by the Joint Information 
Systems Committee (JISC), aims to provide exemplars of good practice and models for well organized, 
accessible hybrid libraries.  The Ariadne magazine (http://www.ariadne.ac.uk/) reports on progress and 
developments within the Programme and beyond. 
 
The Canadian National Library hosts the Canadian Inventory of Digital Initiatives which provides 
descriptions of Canadian information resources created for the Web, including general digital collections, 
resources centered around a particular theme, and reference sources and databases.  In Australia, libraries 
(at the Federal, State, and University levels) together with commercial and research organizations are 
supporting a diverse set of digital library projects that take on many technical and related issues.  The 
projects deal both with collection building and with services and research, especially related to metadata.  
Related to this, and focused on retrieval, are the subject gateway projects 
(http://www.nla.gov.au/initiatives/sg/) which were precursors to the formal DL initiatives. 
 
In Asia the International Conference of Asian Digital Libraries (ICADL, http://www.icadl.org) provides a 
forum to publish and discuss issues regarding research and developments in the area of digital libraries.  In 
India, awareness of the importance of digital libraries and electronic information services has led to 
conferences and seminars hosted on these topics.  While a national policy on digital libraries is still 
pending, a number of individual digital library efforts have emerged.  In this context, several digital library 
teams are collaborating with the Carnegie Mellon University Universal Digital Library project.  The 
University of Mysore and University of Hyderabad are among those participating as members in the 
Networked Digital Library of Theses and Dissertations.  In the area of digital library research, 
Documentation Research and Training (DRTC, www.drtc.isibang.ac.in), at the Indian Statistical Institute, 
researches and implements the technology and methodologies in digital library architecture, multilingual 
digital information retrieval, and related tools and techniques.  In addition, DRTC also hosts workshops to 
provide training for information professionals.  Other digital library initiatives in Asia are taking shape 
through national initiatives such as the Indonesian Digital Library Network (http://idln.lib.itb.ac.id), the 
Malaysian National Digital library (myLib, http://www.mylib.com.my), and the National Digital Library of 
Korea (http://www.dlibrary.go.kr). 
 
6. Personalization and privacy 
Digital libraries allow us to move from the global to the personal. Personalization [10] allows the DL to 
recognize a returning user and to restore the state of the user relationship with the library to where it was at 
the time of the last visit.  It saves the user time in reconstructing prior work and allows saving the state of 
the user-DL interaction.  It also allows the system to know user preferences and to tailor services to special 
needs or simple choices.  Personalization depends on user information, generally in the form of a user 
profile and history of prior use.  The user profile to some extent identifies an individual and allows the 
system to recognize when a user returns.  In addition to making it possible for the library to provide 
services, the identification of a user allows evaluation of how well the library is serving that user.  If a 
given user returns frequently, seems to find what was wanted, uses available services, keeps a supply of 
materials available for later use, and participates in user options such as annotation and discussions, it is 
reasonable to assume that the user is well served.  Thus, an analysis of user characteristics and activities 
[78] can help determine if the library is serving its intended audience adequately.   
 
There also is a negative side to personalization.  Many people are increasingly conscious of diminished 
privacy, and anxious about sharing data about their personal preferences and contact information.  The 
concerns are real and reasonable and must be addressed in the design of the DL.  Privacy statements and a 
clear commitment to use the information only in the service of the user and for evaluation of the DL can 
alleviate some of these concerns.  Confidence can be enhanced if the information requested is limited to 
what is actually needed to provide services and if the role of the requested information is clearly explained.  
For example, asking for an e-mail address is understandable if the user is signing up for a notification 
service.  Similarly, a unique identifier, not necessarily traceable to any particular individual, is necessary to 
retain state from one visit to another.   
 
With the increasing numbers of digital libraries, repeated entry of user profile data becomes cumbersome.  
We argue for one way to address these issues - have the users’ private profile information kept on their own 
systems.  The user will be recognized at the library because of a unique identifier, but no other information 
is retained at the library site.  In this way, the library can track returns and successes in meeting user needs, 
and could even accumulate resources that belong to this user.  All personal details, however, remain on the 
user system and under user control.  This can include search histories, resource collections, project results 
such as concept maps, and syllabi.  With the growing size of disk storage on personal computers, storing 
these on the user’s system is not a problem.  The challenge is to allow the DL to restore state when the user 
returns. 
 
7. Conclusions 
Digital libraries afford many advantages in today’s information infrastructure. Technology has enabled 
diverse distributed collections of content to become integrated at the metadata and/or content levels, for 
widespread use through powerful interfaces that will become increasingly personalized.  Standards, 
advanced technology, and powerful systems can support a wide variety of types of users, providing a broad 
range of tailored services, for communities around the globe.  Varied architectures have been explored, but 
approaches like those developed in the Open Archives Initiative, or its extension into Open Digital 
Libraries, show particular promise.  While many challenges remain – such as integration with traditional 
library collections [79], handling the needs for multilingual access, and long-term preservation – a large 
research establishment is well connected with development efforts, which should ensure that digital 
libraries will help carry the traditional library world forward to expand its scope and impact, supporting 
research, education, and associated endeavors. 
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